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1
METHOD AND APPARATUS FOR
CAPTURING A FIRST IMAGE USING A
FIRST CONFIGURATION OF A CAMERA
AND CAPTURING A SECOND IMAGE USING
A SECOND CONFIGURATION OF A CAMERA

RELATED APPLICATION

This application was originally filed as PCT application
No. PCT/SE2012/050584 filed May. 31, 2012, which claims
priority benefit from Swedish application No. 1150505.4,
filed May. 31, 2011.

FIELD OF THE INVENTIVE CONCEPT

The present inventive concept relates to methods of cap-
turing images using a camera, and an apparatus for capturing
images.

BACKGROUND

Due to the fast-paced development of consumer electronics
in recent years, digital cameras are today ubiquitous. Thus,
when a photo opportunity presents itself there is virtually
always a camera available, e.g. in the form of a dedicated
still-image camera, a dedicated video camera or a mobile
phone, a smart phone or a tablet computer including a digital
camera. However, photo opportunities are often instanta-
neous giving the photographer very little time to set-up the
camera and prepare for the shot. As a result, many invaluable
photo opportunities are lost even though a camera is avail-
able.

In the prior art, attempts have been made to facilitate cap-
turing of instantaneous photo opportunities. So far these
attempts have amounted to minimizing the pre-capture
choices the camera user needs to make. Often little more than
a single press of the camera button is required no matter the
prevailing capturing conditions. Unfortunately this often
results in camera settings which are sub-optimal, thereby
resulting in a captured image of an unacceptable technical
quality. Even worse, this may in most cases be noticed only
after the image has been captured and is reviewed.

Sometimes it may be possible to “save” a captured image
of'low quality using various computer-aided post-processing.
However, this may be time-consuming and tiresome. Addi-
tionally, post-processing may only compensate for technical
errors to a limited extent. Hence some photo opportunities are
still irretrievably lost. There is hence a need for methods
resulting in fewer lost photo opportunities.

SUMMARY OF THE INVENTIVE CONCEPT

An objective of the present inventive concept is to meet this
need in the prior art.

According to a first aspect of the inventive concept there is
provided a method of capturing images using a camera. The
method comprises analyzing a view depicted by the digital
camera and determining, based on the analysis, a subset of
configurations of the digital camera. The method further com-
prises capturing, in response to a detection of an image cap-
turing command at the camera, a set of at least two images
using at least two different configurations of said subset of
configurations.

The inventive image capturing method enables convenient
and automatic capturing of at least two images, and prefer-
ably a plurality of images, using different configurations in
response to an image capturing command. By capturing the
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images using different configurations the user may be pro-
vided with a set of images captured at slightly different time
instants with varying camera configurations. This enables a
user to change timing of the capture, or the camera configu-
ration used for the image capture, after the photo opportunity
has passed. For example, the user may during the review
phase, which may take place e.g. days or weeks after the
photo opportunity, decide to turn on the flash or change the
exposure time etc. The likelihood of capturing an image of
acceptable quality, both in terms of timing and technical
quality, may thus be increased compared to the prior art.
Moreover, this may be obtained while minimizing the pre-
capture options for the user.

Furthermore, by capturing at least two images the method
enables sophisticated post processing by combining data
from two or more of'the at least two images in order to obtain
improved composite images. This will be described in greater
detail below.

The image capturing command may be a single user input
image capturing command. The image capturing command
may be a single actuation of an image capture actuator of the
camera. The image capturing command may be an audible
image capturing command input via a microphone of the
camera. In response to a capturing command input by the user
at least two images may thus be captured. The method hence
requires a minimum of user input. Additionally, by not requir-
ing the user to issue any further capturing command the
images may be captured in rapid succession without awaiting
input from the user. This enables capturing of a large number
of'images of the photo opportunity. The likelihood of obtain-
ing an image with a desired timing may thus be increased.

According to one embodiment the detection of an image
capturing command at the camera comprises the camera
detecting a reduced movement of the camera. The camera
may for example determine that a movement rate of the cam-
era falls below a threshold level. The image capturing
sequence may thus conveniently be initiated simply by the
user holding the camera substantially still. As an added
advantage motion blur may be reduced.

According to one embodiment the number of the set of
images is proportional to a duration of the image capturing
command. In case the image capturing command is a single
actuation of an image capture actuator of the camera the
camera may capture images as long as the actuator is
depressed. The user may thus control the number of images
captured.

According to one embodiment the act of determining a
subset of configurations comprises determining, based on the
analysis of the view, a first image capture-related parameter of
the camera; determining a first subset of settings of the first
capture-related parameter; and forming the subset of configu-
rations using the first subset of settings, wherein each con-
figuration of the subset of configurations includes a setting of
the first subset of settings. The first subset of settings may
include at least two different settings of the first capture-
related parameter. Each configuration of the subset of con-
figurations may thus include a different setting of a parameter.
For example each configuration may include a different set-
ting of the flash strength, a different setting of the aperture, or
a different setting of the exposure etc.

The act of determining a subset of configurations may
further comprise: determining, based on the analysis of the
view, a second image capture-related parameter of the cam-
era; determining a second subset of settings of the second
capture-related parameter; and forming the subset of configu-
rations using the first and second subsets of settings, wherein
each configuration of the subset of configurations includes a
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combination of a setting of the first subset of settings and a
setting of the second subset of settings. The second subset of
settings may include at least two different settings of the
second capture-related parameter. Images may thus be cap-
tured wherein the settings of two or more parameters are
varied.

The first image capture-related parameter may be selected
from the group comprising: aperture, exposure time, expo-
sure value, ISO, flash usage, flash strength, flash synchroni-
zation speed, color settings, white balance and focus point.
The second image capture-related parameter may be selected
from the same group.

According to one embodiment the act of analyzing the
view includes identifying at least one feature of the view. The
at least one feature may include at least one of a light condi-
tion in the view, a color content of the view, and a type of the
view depicted, such as a portrait, a group-portrait, a land-
scape, an urban environment or a moving object. The critical
or sensitive capture-related parameters when capturing a
night shot may be different from the critical or sensitive
capture-related parameters when capturing a group portrait.
Since the subset of configurations of the camera may be
determined based on the actual shooting conditions and/or the
context this may be taken into account.

According to one embodiment the method further com-
prises capturing, prior to detecting the image capturing com-
mand, at least one image of said view. Thereby images cap-
turing the desired moment may be obtained even if the user is
“too late” when issuing the image capturing command. The
likelihood of obtaining an image with a desired timing may
thus be increased.

The act of analyzing the view may include analyzing the at
least one image captured prior to detecting the image captur-
ing command. Thus, when the image capturing command is
detected the subset of configurations to be used may already
have been determined wherein any image capture lag (e.g.
shutter lag) may be reduced. The at least one image captured
prior to detecting the image capturing command may be
provided to a viewfinder of the camera. The act of analyzing
the view may thus comprise analyzing viewfinder images
representing the view.

According to one embodiment the method further com-
prises storing the set of images in a data structure representing
an image sequence. This enables convenient handling of the
set of images both for the purpose of user review as well as for
storage in a memory of the camera or otherwise. The data
structure may for example be in the form ofa video file, a slide
show or the like. The data structure may be a circular buffer.
The circular buffer may be arranged to store a predetermined
number of images. Once the buffer has been filled the images
may be sequentially replaced by more recently captured
images, starting from the oldest image stored in the buffer.

In case also at least one image has been captured prior to
detecting the image capturing command the method may
comprise storing both the at least one image captured prior to
detecting the image capturing command and the set of images
in a data structure representing an image sequence.

According to one embodiment the method further com-
prises analyzing the set of images and determining or select-
ing an image of the set of images based on a set of criteria. In
the following this image will be referred to as “the selected
image”. A “best” image (according to one or more criteria)
may thus be singled out and provided to the user. The set of
criteria may include one or more of image sharpness, con-
trast, dynamic range etc.

According to one embodiment the method further com-
prises discarding each image of the set of images except for
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the selected image. Thereby storage requirements may be
reduced since only the selected image is kept.

According to one embodiment the method further com-
prises analyzing the set of images and determining or select-
ing a further image of the set of images based on a further set
of criteria. In the following this image will be referred to as
“the further selected image”. The method may further com-
prise forming a composite image using the selected image
and the further selected image. Thereby images of better
quality may be obtained by using image data from more than
one image. The selected image and the further selected image
may be selected using different sets of criteria. The sets of
criteria may for example result in the selection of two images
which are suitable for combining in order to obtain a desired
result.

According to one embodiment the selected image corre-
sponds to an image captured using a configuration of the
subset of configurations including a lower exposure value
setting and the further selected image corresponds to an
image captured using a configuration of the subset of con-
figurations including a higher exposure value setting, wherein
the composite image is formed to present an increased
dynamic range. This enables formation of so-called High
Dynamic Range-images (HDR-images). The selection and
combination may be performed automatically in response to
the image capturing being finished. The selection and com-
bination may also be performed in response to an input com-
mand received from the user. For example, the user may
during the review phase, which may take place e.g. days or
weeks after the photo opportunity, decide to generate a HDR-
image.

According to one embodiment the method further com-
prises: determining from the set of images, a source image
and a target image; identifying a source area in the source
image, the source area having a set of coordinates; using the
set of coordinates for the source area to, in response to the
identifying the source area, identify a target area in the target
image; and forming a composite image based on image data
information of the target image, wherein image data informa-
tion of the target area is seamlessly replaced with image data
information of the source area.

According to one embodiment the method further com-
prises: determining from the set of images, a source image
and a target image; identifying a source area in the source
image, the source area having a set of coordinates; using the
set of coordinates for the source area to, in response to the
identifying the source area, identify a target area in the target
image; and forming a composite image based on image data
information of the source image, wherein image data infor-
mation of the source area is seamlessly replaced with image
data information of the target area.

These two latter embodiments enable forming of a com-
posite image based on image data information of one of the
target image, wherein image data information of the target
area is seamlessly replaced with image data information of
the source area, or the source image, wherein image data
information of the source area is seamlessly replaced with
image data information of the target area.

These methods thus allow areas of images to be seamlessly
replaced. This enables areas of imperfections to be seam-
lessly replaced with areas from other images. For example, an
area of an image depicting human beings with closed eyes
may be replaced with a corresponding area from another
(similar) image wherein the eyes of the (same) human being
is open, inter alia by allowing a user to replace parts of an
image with the same area from other images. The source
image may correspond to the above-mentioned selected
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image and the target image may correspond to the above-
mentioned further selected image, or vice versa.

According to one embodiment the set of images are cap-
tured such that, for each configuration of the subset of con-
figurations, the set of images includes at least one image
captured using said configuration.

According to a second aspect of the present inventive con-
cept there is provided a method of capturing images using a
camera. The method comprises: analyzing a view depicted by
the camera; determining, based on the analysis of said view, a
first configuration of the camera; and capturing, in response to
a detection of an image capturing command at the camera, a
first image of a view using the first configuration. The method
further comprises: analyzing the first image; determining,
based on said analysis of the first image, a second configura-
tion of the digital camera; and capturing a second image using
the second configuration.

The advantages discussed in connection with the first
aspect apply correspondingly to the second aspect wherein
reference is made to discussion above. The second aspect
provides the additional advantage that the configurations may
be determined gradually during the image capturing act.
Thereby, the method may take into account changes occur-
ring between the capturing of images. Additionally, since
only one configuration needs to be determined before captur-
ing the first image capture lag may be minimized.

The method may further comprise analyzing the second
image; determining, based on the analysis of the second
image, a third configuration of the digital camera; and cap-
turing a third image using the third configuration. This pro-
cess may be repeated to capture even further images. The first
and second images and, if applicable, third and further images
form a set of captured images.

According to one embodiment determining the first con-
figuration comprises: determining, based on the analysis of
the view depicted by the camera, a first image capture-related
parameter of the camera, and determining a first setting of the
first capture-related parameter. Moreover, determining the
second configuration comprises: determining, based on the
analysis of the first image, a second image capture-related
parameter of the camera, and determining a first setting of the
second capture-related parameter. Thus, the first image is
captured using the first setting of the first capture-related
parameter and the second image is captured using the first
setting of the second capture-related parameter.

The first and the second capture-related parameters may be
the same parameter, wherein the said first settings of the first
and second capture-related parameters are two different set-
tings of the same determined capture-related parameter.
Alternatively, the first and the second capture-related param-
eters may be different parameters.

The image capturing command may be a single user input
image capturing command. The image capturing command
may be a single actuation of an image capture actuator of the
camera. Alternatively, the image capturing command may be
an audible image capturing command input via a microphone
of'the camera. Thus in response to a capturing command input
by the user at least two images may be captured. The method
thus requires a minimum of user input. Additionally, by not
requiring the user to issue any further capturing command the
images may be captured in rapid succession without awaiting
input from the user. This enables capturing of a large number
of'images of the photo opportunity. The likelihood of obtain-
ing an image with a desired timing may thus be increased.

According to one embodiment the detection of an image
capturing command at the camera comprises the camera
detecting a reduced movement of the camera. The camera
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may for example determine that a movement rate of the cam-
era falls below a threshold level. The image capturing
sequence may thus conveniently be initiated simply by the
user holding the camera substantially still. As an added
advantage motion blur may be reduced.

According to one embodiment the number of the set of
images is proportional to a duration of the image capturing
command. In case the image capturing command is a single
actuation of an image capture actuator of the camera the
camera may capture images as long as the actuator is
depressed. The user may thus control the number of images
captured.

According to one embodiment the first and second image
capture-related parameters are selected from the group com-
prising: aperture, exposure time, exposure compensation,
ISO, flash usage, flash strength, flash synchronization speed,
color settings, white balance and focus point.

According to one embodiment the act of analyzing the
view depicted by the camera includes identifying at least one
feature of the view and the act of analyzing the first image
includes identifying at least one feature of the first image. The
identified features may include at least one of'a light condition
in the view, a color content of the view, or a type of the view
depicted, such as a portrait, a group-portrait, a landscape, an
urban environment or a moving object. The critical or sensi-
tive capture-related parameters when capturing a night shot
may be different from the critical or sensitive capture-related
parameters when capturing a group portrait. This embodi-
ment takes this into account in that the configurations of the
camera may be determined based on the actual shooting con-
ditions and/or the context.

According to one embodiment the method further com-
prises capturing, prior to detecting the image capturing com-
mand, at least one image of said view. Thereby images cap-
turing the desired moment may be obtained even if the user is
“too late” when issuing the image capturing command. The
likelihood of obtaining an image with a desired timing may
thus be increased.

The act of analyzing the view may include analyzing the at
least one image captured prior to detecting the image captur-
ing command. Thus, when the image capturing command is
detected the subset of configurations to be used may already
have been determined wherein any capture lag (e.g. shutter
lag) may be reduced. The at least one image captured prior to
detecting the image capturing command may be provided to
aviewfinder of the camera. The act of analyzing the view may
thus comprise analyzing viewfinder images depicting the
view.

According to one embodiment the method further com-
prises storing the set of captured images in a data structure
representing an image sequence. This enables convenient
handling to set of images both for the purpose of user review
and storage in a memory of the camera or otherwise. The data
structure may for example be in the form ofa video file, a slide
show or the like.

In case also at least one image has been captured prior to
detecting the image capturing command the method may
comprise comprising storing both the at least one image cap-
tured prior to detecting the image capturing command and the
set of captured images in a data structure representing an
image sequence.

According to one embodiment the method further com-
prises analyzing the set of captured images and determining
or selecting an image of the set of captured images based on
a set of criteria. In the following this image will be referred to
as “the selected image”. A “best” image (according to one or
more criteria) may thus be singled out and provided to the



US 9,344,642 B2

7

user. The set of criteria may include one or more of image
sharpness, contrast, dynamic range etc.

According to one embodiment the method further com-
prises discarding each image of the set of captured images
except for the selected image. Thereby storage requirements
may be reduced since only the selected image is kept.

According to one embodiment the method further com-
prises analyzing the set of images and determining or select-
ing a further image of the set of images based on a further set
of criteria. In the following this image will be referred to as
“the further selected image”. The method may further com-
prise forming a composite image using the selected image
and the further selected image. Thereby images of better
quality may be obtained by using image data from more than
one image. The selected image and the further selected image
may be selected using different sets of criteria. The sets of
criteria may for example result in the selection of two images
which are suitable for combining in order to obtain a desired
result.

According to one embodiment the selected image corre-
sponds to an image captured using a configuration of the
subset of configurations including a lower exposure value
setting and the further selected image corresponds to an
image captured using a configuration of the subset of con-
figurations including a higher exposure value setting, wherein
the composite image is formed to present an increased
dynamic range. This enables formation of so-called High
Dynamic Range-images (HDR-images). The selection and
combination may be performed automatically in response to
the image capturing being finished. The selection and com-
bination may also be performed in response to an input com-
mand received from the user. For example, the user may
during the review phase, which may take place e.g. a week
after the photo opportunity, decide to generate a HDR-image.

According to one embodiment the method further com-
prises: determining from the set of images, a source image
and a target image; identifying a source area in the source
image, the source area having a set of coordinates; using the
set of coordinates for the source area to, in response to the
identifying the source area, identify a target area in the target
image; and forming a composite image based on image data
information of the target image, wherein image data informa-
tion of the target area is seamlessly replaced with image data
information of the source area.

According to one embodiment the method further com-
prises: determining from the set of images, a source image
and a target image; identifying a source area in the source
image, the source area having a set of coordinates; using the
set of coordinates for the source area to, in response to the
identifying the source area, identify a target area in the target
image; and forming a composite image based on image data
information of the source image, wherein image data infor-
mation of the source area is seamlessly replaced with image
data information of the target area.

These two latter embodiments enable forming of a com-
posite image based on image data information of one of the
target image, wherein image data information of the target
area is seamlessly replaced with image data information of
the source area, or the source image, wherein image data
information of the source area is seamlessly replaced with
image data information of the target area.

These methods thus allow areas of images to be seamlessly
replaced. This enables areas of imperfections to be seam-
lessly replaced with areas from other images. For example, an
area of an image depicting human beings with closed eyes
may be replaced with a corresponding area from another
(similar) image wherein the eyes of the (same) human being
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is open, inter alia by allowing a user to replace parts of an
image with the same area from other images. The source
image may relate to the above-mentioned selected image and
the target image may relate to the above-mentioned further
selected image, or vice versa.

According to a third aspect of the present inventive concept
there is provided a camera configured to perform the method
of' the first and/or second aspect. The camera may further be
configured to perform any of the above-mentioned specific
embodiments of the first and second aspect. The camera may
include image capturing means for capturing the images. The
image capturing means may be an image capturing device
configured to capture the images. The camera may include
processing means for analyzing the view and/or the captured
images. The camera may include processing means for deter-
mining the (subset of) configurations of the camera. The
processing means may be a processor configured to analyze
the view and/or the captured images and determine the (sub-
set of) configurations of the camera. The camera may include
means for receiving an image capturing command. The
means may be an input device configured to receive a user
input image capturing command. The camera may include
storage means for storing captured images. The memory
means may be a memory configured to store captured images.

According to a fourth aspect of the present inventive con-
cept there is provided a computer program product compris-
ing software instructions that when downloaded to a camera
is configured to perform the method of'the first and/or second
aspect. The computer program product may further comprise
software instructions that when downloaded to a camera is
configured to perform any of the above-mentioned specific
embodiments of the first and second aspect. The computer
program product may be provided in a computer-readable
storage medium.

The third and fourth aspects may generally present the
same or corresponding advantages as the first and second
aspects.

According to a fifth aspect of the present inventive concept
there is provided an apparatus for capturing images, compris-
ing: means for analyzing a capturing condition such as a time
of day, a geographical position of the apparatus, an orienta-
tion of the apparatus, a sound condition, a movement condi-
tion, a type of image capturing command being input, a fea-
ture of the view; means for determining, based on the
analysis, a subset of configurations of the digital camera; and
means for capturing, in response to a detection of an image
capturing command at the camera, a set of at least two images
using at least two different configurations of said subset of
configurations.

The fifth aspect may generally present the same or corre-
sponding advantages as the above discussed aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as additional objects, features and
advantages of the present inventive concept, will be better
understood through the following illustrative and non-limit-
ing detailed description of preferred embodiments of the
present inventive concept, with reference to the appended
drawings, where like reference numerals will be used for like
elements, wherein:

FIG. 1 is a schematic illustration of a camera according to
an embodiment.

FIG. 2 is a flow chart of an embodiment of a method in
accordance with a first aspect of the present inventive con-
cept.
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FIG. 3 is a flow chart of an embodiment of a method in
accordance with a second aspect of the present inventive
concept.

FIG. 4 schematically illustrates a cut operation according
to an embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Detailed embodiments of aspects of the present inventive
concept will now be described with reference to the drawings.

FIG.1is aschematic illustration of a camera 100 according
to an embodiment. The camera 100 may be a digital camera
such as a dedicated still-image camera or a dedicated video
camera. The camera 100 may also be a personal digital assis-
tant (PDA), a mobile phone, a smart phone or a tablet com-
puter including camera functionality. In fact, the camera 100
may be any kind of apparatus capable of capturing images.

The camera 100 comprises image capturing means. In FIG.
1, the image capturing means is embodied by an image cap-
turing device 102. The image capturing device 102 may
include an image sensor and a lens. The image sensor may be
e.g. a Charge-Coupled Device (a CCD) or a CMOS chip. The
lens may be lens of fixed or variable focal length. The image
capturing device 102 may further include a storage buffer for
storing image data collected by the image sensor.

The camera 100 comprises processing means. In FIG. 1,
the processing means is embodied by a processor 104. The
processor 104 may be configured to implement the methods
in accordance with the present inventive concept as will be
described in detail in the following.

The processor 104 may be implemented as one or more
field programmable gate arrays (FPGAs), applications speci-
fied integrated circuits (ASICs), or the like, wherein the meth-
ods of the present inventive concept may be implemented
using a hardware description language (HDL). The processor
104 may also be implemented as central processing unit
(CPU) of the camera 100, a graphics processing unit (GPU) of
the camera 100 or a dedicated image processing unit of the
camera 100 configured to implement methods in accordance
with the present inventive concept, wherein the methods of
the present inventive concept may be implemented using low-
or high-level software instructions stored in the camera 100
for execution by the processing unit. Advantageously, the
image sensor is capable of capturing and the processor 104 is
capable of processing high-resolution images at a relatively
high frame rate. As a non-limiting example the image sensor
may be the MTIE013D00STC and the image processor may
be the CCS8140 both obtainable from Aptima Imaging Cor-
poration. These components are capable of operating at a
frame rate of 15 fps at 8 Mp resolution.

The camera 100 comprises storage means. In FIG. 1 the
storage means is embodied by a memory 106. The memory
may include a data section for storing image data generated
by the image capturing device 102. The data memory may be
e.g. arandom access memory (RAM) integrated in the camera
100 or a flash memory provided on a memory card removably
inserted in the apparatus 100. The memory 106 may further
include a program memory for storing software instructions
for the processor 104. The program section may e.g. be a
RAM or a ROM integrated in the camera 100.

The camera 100 and the components thereof operate under
the supervision of an operating system 108. The operating
system 108 may be stored in the memory 106 or in another
dedicated memory.

The camera 100 comprises input means. In FIG. 1 the input
means is embodied by a man-machine interface 110. The
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man-machine interface 110 may include one or more actua-
tors, such as an image capture actuator 112. The actuators
may be provided in the form of physical buttons or as virtual
buttons presented on a touch-sensitive display of the appara-
tus 100. The interface 110 may also include a microphone 114
for receiving audible user commands.

The methods of the present inventive concept may also be
implemented as a computer program product 116 comprising
one or more software components. The software components
may comprise software instructions that when downloaded to
a camera are configured to perform the instructions corre-
sponding to the methods.

An embodiment of a method 200 in accordance with a first
aspect will now be described with reference to FIGS. 1 and 2.
The user of the camera points the camera 100 towards a
desired view. The image capturing device 102 depicts the
view by recording the light incident on the image sensor to
generate image data. The image data may be stored in the
storage buffer of the image capturing device 102. The image
capturing device 102 may continually record the incident
light wherein a stream of image data representing a sequence
of' images may be generated and stored in the storage buffer.
The image sequence may be stored in a FIFO data structure or
circular buffer wherein, when the data structure has been
filled; the images are sequentially overwritten starting from
the oldest recorded image.

All or a subset of the images may optionally be provided to
aviewfinder (e.g. a display, an electronic viewfinder (EVF) or
the like) of the camera 100, thereby allowing the user to
preview and compose the view. To reduce the processing
requirements during this stage, the image sequence may be a
sequence of images of lower than the maximum quality and/
or resolution supported by the image capturing device 102.
This may also reduce lag in the update of the viewfinder.

The processor 104 analyzes the depicted view (box 206).
The operating system 108 may provide access for the proces-
sor 104 to the images stored in the storage buffer of the image
capturing device 102 wherein the processor 104 may process
one or more of the images therein. The processor 104 may be
configured to identify at least one feature of the view. As will
be described in greater detail below, the at least one feature
may relate to a light condition in the view, a color content of
the view, a light condition, or a type of the view depicted, such
as a portrait, a group-portrait, a landscape, an urban environ-
ment or a moving object, etc.

The view may also be analyzed in other ways. For example,
the view may be analyzed using an auxiliary light sensor. The
light sensor may provide a measurement of the light condition
of the view and provide the measurement to the processor
104. The processor 104 may use the measurement for subse-
quent processing as will be described in detail below.

Based on the analysis, the processor 104 may determine a
suitable base configuration for the camera 100. A configura-
tion of the camera 100 may include a combination of specific
settings of capture-related parameters of the camera 100. For
example, the processor 104 may determine a suitable combi-
nation of an aperture setting and exposure time for the camera
by repeatedly analyzing the images recorded in the storage
buffer of the image capturing device 102. This may achieved
using any of the automatic exposure methods well-known in
the art. The processor 104 may control the image capturing
device 102 to use the determined base configuration while
recording the incident light. The processor 104 may repeat-
edly re-evaluate the base configuration to ensure that the
images of the sequence generated by the image capturing
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device 102 are correctly exposed. The base configuration may
include settings of further parameters such as focal point,
white balance etc.

Based on the analysis, the processor 104 may also deter-
mine a subset of configurations for the camera 100. The
subset of configurations may include two or more configura-
tions, each including a combination of specific settings of
capture-related parameters of the camera 100.

The specific capture-related parameters available may be
different for different cameras. As an example, the capture-
related parameters of a camera 100 may be aperture, exposure
time, exposure value, flash usage, flash strength, flash syn-
chronization speed, color settings, white balance, focus point
and exposure index rating (EI or ISO). Assuming by way of
example that the camera 100 has the five capture-related
parameters of ISO, aperture (A), exposure time (S), flash (F)
and flash strength (FV); a configuration of the camera 100
may be denoted {ISO;,, A,,, S5, Fu, FV,s} where ISO,
denotes a specific ISO setting, A,, denotes a specific aperture
setting, S,; denotes a specific exposure time setting, F,,
denotes flash setting (e.g. on or off), and FV,; denotes the
flash strength setting.

The subset of configurations determined based on the
analysis may comprise different settings for one or more
parameters. As a comparatively basic example, in case the
identified feature relates to a light condition of the view and
the processor 104 determines that there is strong backlight-
ing, the processor 104 may be determine a subset of configu-
rations wherein only the setting of one parameter, the flash
strength, is varied since flash strength may be a critical param-
eter for obtaining technically acceptable shots in such condi-
tions. The determined subset of configurations may include
the configurations:

{IS0O=400, A=3.2, S=1/1000, F=on, FV=standard }

{IS0O=400, A=3.2, S=1/1000, F=on, FV=high}, and

{IS0O=400, A=3.2, S=1/1000, F=on, FV=low}.

According to a more elaborate example, the processor 104
may determine a subset of configurations wherein the settings
of two parameters are varied. In case the identified feature is
amoving object the two parameters may be ISO and exposure
time since they may be critical parameters for obtaining sharp
images of moving objects. The determined subset of configu-
rations may include the configurations:

{ISO=400, A=2.8, S=1/200, F=off, FV=N/A}

{ISO=800, A=2.8, S=1/400, F=off, FV=N/A}

{ISO=1600, A=2.8, S=1/800, F=off, FV=N/A}, and

{ISO=3200, A=2.8, S=1/1600, F=off, FV=N/A}.

According to an even more elaborate example, the proces-
sor 104 may determine a subset of configurations wherein the
settings of four parameters are varied:

{ISO=400, A=2.8, S=1/200, F=on, FV=high}

{ISO=800, A=2.8, S=1/400, F=on, FV=standard}

{IS0O=1600, A=2.8, S=1/800, F=on, FV=low}, and

{ISO=3200, A=2.8, S=1/1600, F=off, FV=N/A}.

The processor 104 may select the settings for each param-
eter separately and then form configurations by combining
the determined settings of one parameter with one or more of
the determined settings of the second parameter. For the
example given above, the processor 104 may first determine
that the applicable settings of the parameter ISO are 400, 800,
1600 and 3200. The processor 104 may then determine that
the applicable settings of the parameter S are 1/200, 1/400,
1/800 and 1/1600. Finally the processor 104 may determine
the subset of configurations above by combining ISO=400
with S=1/200, ISO=800 with S=1/400 etc.

Alternatively, the processor 104 may select the setting for
a parameter in combination with the setting of the other
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parameters. For the example given above, the processor 104
may determine that a first applicable configuration includes
the setting 400 of the parameter ISO and the setting 1/200 of
the parameter S. The processor 104 may further determine
that a second applicable configuration includes the setting
800 of the parameter ISO and the setting 1/400 of the param-
eter S. The processor 104 may proceed analogously to deter-
mine the further configurations and thereby determine the
subset of configurations.

The present inventive concept is not limited to subsets of
configurations involving different settings of one, two or four
parameters but is equally applicable to subsets of configura-
tions involving different settings of any number of param-
eters.

The processor 104 may repeatedly determine subsets of
configurations in accordance with the above while the user
directs the camera and the view, and thus the features of the
view changes. For example, the processor 104 may be con-
figured to analyze one or more of the last images recorded by
the image capturing device 102 every 10” of a second, every
half of a second, every other second etc.

Once the user has directed the camera 100 towards the
desired view the user may issue an image capturing com-
mand. The image capturing command is detected by the cam-
era 100 (box 210). The user may e.g. press the actuator 112 of
the camera 100 once. In case the camera 100 includes a
microphone 114 the user may speak an audible capturing
command into the microphone which command may be inter-
preted and recognized by the processor 104 as an image
capturing command. Alternatively, the image capturing com-
mand may be issued simply by the user holding the camera
100 substantially still, wherein the camera may detect that the
amount of movement of the camera falls below a predeter-
mined threshold level. The detection may be achieved by the
processor 104 repeatedly comparing at least the two latest
images recorded in the storage buffer of the image capturing
device 102. Alternatively, or additionally, the camera 100
may include a sensor such as an accelerometer, a gyroscope,
a compass or the like and determine a movement of the
camera using the output of the sensor.

In response to the detection of the image capturing com-
mand the processor 104 controls the image capturing device
102 of the camera 100 to capture at least two images using at
least two different configurations of the subset of configura-
tions determined by the processor 104 (box 212).

For the basic example of configurations given above the
camera 100 may capture three images; one image using the
configuration  {ISO=400, A=3.2, S=1/1000, F=on,
FV=standard}, one image using the configuration {ISO=400,
A=3.2,S=1/1000, F=on, FV=high}, and one image using the
configuration {ISO=400, A=3.2, S=1/1000, F=on, FV=low}.

For the more elaborate example of configurations given
above the camera 100 may capture four images; one image
using the configuration {ISO=400, A=2.8, S=1/200, F=off,
FV=N/A}, one image using the configuration {ISO=800,
A=2.8, S=1/400, F=off, FV=N/A}, one image using the con-
figuration {ISO=1600, A=2.8, S=1/800, F=off, FV=N/A},
and one image using the configuration {ISO=3200, A=2.8,
S=1/1600, F=off, FV=N/A}.

As mentioned above, the processor 104 may repeatedly
determine subsets of configurations. The images captured in
response to the image capturing command may then be cap-
tured using the most recent subset of configurations. The
processor 104 may also be configured to determine the subset
of configurations in response to detecting the image capturing
command wherein the images may be captured using that
subset of configurations.
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The number of images captured in response to the image
capturing command need not be equal to the number of con-
figurations in the subset but may be fewer than the number of
configurations or more than the number of configurations.

According to one embodiment the camera 100 may capture
more than one image using a configuration of the determined
subset of configurations. The camera 100 may determine a
plurality of configurations C,, . . ., C,, (N=2). In response to
receiving an image capturing command, the camera 100 may
capture a first image I, using configuration C,, a second
image 1, using configuration C,, up to an Nth image I, using
configuration C,,. Thereafter, the camera 100 may reuse con-
figurations and thus capture an image I, , using configura-
tion C,, an image I, , using configuration C,, up to an image
1,,, using configuration C,. This reuse may be repeated a
plurality of times. By way of example C, may include a first
exposure value setting, C, may include a second exposure
value setting which is lower than the first exposure value and
no flash, and so on until C,, which may include an Nth expo-
sure value setting being the lowest exposure value setting of
the subset of configurations. One or more of the configura-
tions C,, . . ., C, (2=i=N) may include the use of flash. By
reusing configurations the likelihood of obtaining a techni-
cally acceptable image, both in terms of timing and setting,
may be increased.

The image capturing may be stopped after a predetermined
number of images have been captured or in response to the
camera detecting a change in the view. The change may be the
result of the user having changed the direction between image
captures. It may also be the result of the objects in the view
changing position. The change may be determined by com-
paring an earlier captured image (e.g. the first captured
image) to a more recently captured image. The comparison
may be based on a pixel-by-pixel or sub block-by-sub block
basis. The comparison may be performed by correlating an
earlier captured image with a more recently captured image.
If the change exceeds a threshold, it may be determined that
no further images are to be captured.

According to one embodiment the camera 100 is config-
ured to capture a number of images which is proportional to a
duration of the image capturing command. As long as the user
actuates the actuator 112 the processor 104 controls the image
capturing device 102 to capture images. If the actuator 112 is
released before all configurations of the subset have been
used the number of captured images may be less than the
number of configurations of the subset. If the number of
images captured exceeds the number of configurations of the
subset, the processor 100 may reuse configurations. By way
of example for the basic example given above, once one
image has been captured using each of the three configura-
tions a further image may be captured using the configuration
{180=400, A=3.2, S=1/1000, F=on, FV=standard}, a further
image may be captured using the configuration {ISO=400,
A=3.2,S=1/1000, F=on, FV=high}, and a further image may
be captured using the configuration {ISO=400, A=3.2, S=1/
1000, F=on, FV=low}, etc.

The number of images and the number of configurations
determined may also be based on the identified feature. For
example, if it is determined that the view is a group-portrait a
large number of configurations and images may be captured
to increase the likelihood of obtaining a good capture of all
faces.

In any case, after the image capturing sequence has been
completed at least two images have been captured with the
camera configured in accordance with at least two different
configurations of the subset of configurations.
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The captured images may be saved to the memory 206 as
digital image files. The digital image files may be stored in
any lossy or lossless image file format such as JPEG, TIFF,
RAW etc. The user may then review the captured images
using a display of the camera 100 or after downloading the
captured images to a computer and then select his/her favorite
shots and discard the rest, or optionally keep all shots.

Optionally, the camera 100 may also store one or more of
the images recorded by the image capturing device 102 prior
to detecting the image capture command (box 202). This may
be implemented by providing one or more of the most recent
images in the storage butfer of the image capturing device 102
to the memory 106 in response to detecting the image capture
command. These images may also be provided to a view-
finder of the camera 100 (box 204). According to this option,
the camera 100 will store images in the memory 106 captured
both prior to the detection of the image capturing command
and after detection of the image capturing command.

As mentioned above, the processor 104 may analyze the
view by identifying one or more features of the view. More
specifically, the processor 104 may analyze the view by iden-
tifying one or more features in the one or more images
recorded by the image capturing device 102. The one or more
features of the view may include an object or element in the
view. Based on the one or more features, e.g. based on the type
of object or element, the processor 104 may determine a
subset of configurations for the camera 100 to be used during
the image capture. More specifically, the processor 104 may
determine at least one parameter to be varied. Preferably, the
processor 104 determines at least one parameter, the setting of
which is important for capturing an image including the iden-
tified feature(s). The parameter(s) may e.g. be determined
using a look-up-table, wherein a column (or row) in the table
may correspond to a certain feature which the processor 104
may identify and the rows (or columns) of the column (or
row) indicates parameters which are important for capturing
images including the identified feature. The processor 104
may further determine at least two settings for the at least one
parameter. Preferably, the determination of the at least two
settings is based on the identified feature(s). Thus, the subset
of configurations may include at least two configurations,
each configuration including a combination of specific set-
tings of capture-related parameters of the camera 100.

The one or more features identified in the view may include
a light condition in the view. The processor 104 may deter-
mine a brightness level in the one or more images recorded by
the image capturing device 102. If there is strong light in the
view, the processor 104 may determine a subset of configu-
rations including a relatively large number of aperture set-
tings. If there is strong light in the view, there may be suffi-
cient light even for small apertures, i.e. large stop numbers.
The user may thus benefit from being provided with images
presenting many different depths of field. If there is compa-
rably low light in the view (e.g. low-light indoor or night
condition), the processor 104 may determine a subset of
configurations including only one or more small aperture
settings, a larger number of exposure times and a larger num-
ber of ISO settings. Optionally, the subset of configurations
may also include configurations using flash of different
strengths or no flash. The user may thus benefit from being
provided with images presenting many exposure times, flash
conditions, and different amounts of noise (i.e. for the difter-
ent ISO settings). The user may thus be able to review the
captured images and select one or images presenting an
acceptable level of sharpness and image noise.

Optionally, the camera 100 may include a flash in the form
ofa LED light. A LED light does not require recharging. This
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enables a particularly efficient and simple implementation of
capturing images at different flash strengths. More specifi-
cally, configurations including different settings of the flash
strength may be determined. In response to the image captur-
ing command images are captured using the configurations.
During the image capturing the intensity of the flash is
changed in accordance with the flash strength settings. The
flash light may be lit also between the captures, i.e. without
being turned off. The change of the flash light intensity may
be monotonically increasing or decreasing. The change may
be gradual or continuous. The images may be captured with
the same exposure time and ISO setting. Thus a relatively
large number of images may be quickly captured at different
flash strengths.

The one or more features identified in the view may include
a color content in the view. The processor 104 may determine
a color content in the one or more images recorded by the
image capturing device 102. The color content may e.g. be
presence of a certain color in the images, or the most common
or dominating color in the images. [fa certain color is present,
common or dominating in the view, the processor 104 may
determine a subset of configurations including a relatively
large number of different white balance, and/or color settings.
For example, in an image including green as a major compo-
nent it may be important or desirable to obtain the accurate
nuance of green. By capturing a plurality of images using
different settings of white balance and color settings, the
likelihood of obtaining an image including an accurate ren-
dition of green may be increased.

The one or more features identified in the view may include
a contrast in the view. The processor 104 may determine a
contrast level in the one or more images recorded by the
image capturing device 102. The contrast level may be a local
contrast or a global contrast of an image. The contrast may be
determined using the Weber contrast definition, the Michel-
son contrast definition or the Root Mean Square (RMS) con-
trast definition. The determined contrast may include lumi-
nance contrast, brightness contrast and/or color contrast.

If there is high contrast in the view, the processor 104 may
determine a subset of configurations including a relatively
large number of different exposure values. For example, if the
view includes both regions of high luminance and of low
luminance there is a risk of, for a given exposure, either the
high-luminance regions becoming over-exposed or the low-
luminance regions becoming under-exposed. By capturing a
plurality of images using different exposure values the like-
lihood of obtaining an image having an exposure level giving
an acceptable exposure of both the high luminance regions
and the low luminance regions may be increased.

The one or more features identified in the view may include
the type of view depicted by the camera 100. The view may
include a portrait. The portrait may be a group-portrait. The
processor 104 may identify the presence of a face in the one
or more images recorded by the image capturing device 102.
Ifthe view includes one or more faces, the processor 104 may
determine a subset of configurations including both configu-
rations using flash and configurations not using flash, and
configurations including different flash strengths. The subset
of configurations may additionally or alternatively include a
relatively large number of different aperture settings in order
to enable capturing of images wherein both the face and the
background are sharp and images wherein the face but not the
background is sharp. The subset of configurations may addi-
tionally or alternatively include a relatively large number of
different white balance settings and/or color settings.
Thereby, the likelihood of obtaining an image including an
accurate rendition of the skin tone may be increased. The
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subset of configurations may additionally or alternatively
include different settings of the focus point. Thereby, the
likelihood of obtaining an image presenting a maximum
sharpness at a desired part of the image may be increased.

The view depicted by the camera 100 may include a land-
scape or an urban environment. The processor may identify
the presence of a landscape or an urban environment in the
one or more images recorded by the image capturing device
102. If the view includes a landscape, the processor 104 may
determine a subset of configurations including a relatively
large number of different aperture settings in order to enable
capturing of images wherein both the foreground and the
background are sharp and images wherein the foreground but
not the background is sharp. The subset of configurations may
additionally or alternatively include both configurations
using flash and configurations not using flash, and configu-
rations including different flash strengths. Thereby, the like-
lihood of obtaining an image with a desired amount of fill
flash may be increased. The subset of configurations may
additionally or alternatively include a relatively large number
of different settings of white balance and/or color settings.
For a landscape, the configurations may emphasize the green
and blue color levels. For an urban environment, the configu-
rations may emphasize neutral color settings.

The view depicted by the camera 100 may include a mov-
ing object. The processor 104 may identify the presence of a
moving object in the view by comparing subsequent ones of
the images recorded by the image capturing device 102. If the
view includes a moving object, the processor 104 may deter-
mine a subset of configurations including a relatively large
number of different exposure times. Thereby different image
effects may be obtained. For example both images wherein
the movement of the moving object is frozen and images
wherein the movement of the moving object is blurred may be
obtained.

In the above, a few examples of features and subsets of
configurations have been given as an aid in understanding the
inventive concept. However, as may be understood there are
further features, configurations and combinations thereof
which are possible within the scope of the present inventive
concept as set out in the claims.

The processor 104 may identify the one or more features of
the view using various image analysis techniques. For
example, the processor 104 may analyze an image in order to
identify features such as color features, intensity features,
structure features (e.g. persons, faces, man-made objects or
natural objects in the image) of the image. The image may
include color information coded using any color space known
in the art, such as the RGB-space, the YUV-space, the HSV-
space etc. Image features may be identified and the result may
be recorded in a feature vector. One or more features of the
image may be analyzed. The result for each type of feature
may be recorded in a separate feature vector. To reduce the
memory and processing requirements of the method a scaled-
down version of the image to be analyzed may be generated,
wherein features may be identified in the scaled-down image.

One example of a feature vector is a histogram of the pixel
intensities in the image. The histogram may include a plural-
ity of bins, each bin including the number of pixels of the
image of a certain intensity value. Color features may be
extracted and represented in color histograms. A separate
color histogram may be formed for each color channel of the
image. The color histograms for the channels may then be
concatenated to form a color feature vector. The amount of
quantization (i.e. the number of bins) may be varied depend-
ing on the specific application, and the processing and
memory requirements available. Color features may also be
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analyzed by forming a color coherence vector which also
takes the spatial arrangement of the colors in the image into
account.

Various methods for extracting structure features exist. A
structure feature extraction may optionally be preceded by a
decolorization step, wherein a grayscale representation of the
image is formed. This may simplitfy the extraction. The decol-
orization may be achieved e.g. by discarding the hue and
saturation color information and only keeping luminance
information.

Structure features may be extracted in the following way:
An image is filtered by a set of Gabor filters with different
orientations and scales. The different orientations of the fil-
ters will result in filter responses that are correlated to the
structural features in the image with a similar orientation. For
example, a vertical frequency filter may give a strong
response for the vertical edges of a tall building in an urban
environment whereas a horizontal frequency filter may give a
strong response for the horizontal line in a landscape image.
The responses for each filter may be divided into 4x4 blocks.
For each block the response is stored in a feature vector. A
composite structure feature vector of length 4*4*{number of
filters} may be formed by concatenating the feature vectors
for each block and filter. This method is based on the GIST-
method described in Modeling the shape of the scene: A
holistic representation of the spatial envelope, by Aude Oliva
and Antonio Torralba, International Journal of Computer
Vision 42(3), 145-175.

Another example of a method for structural feature extrac-
tionis the Local binary pattern method. A detailed description
of'the method may be found in Multiresolution grayscale and
rotation invariant texture classification with local binary pat-
terns, by Timo Ojala, Matti Pietikdinen and Topi Madenpaa,
published in IEEE Transactions on pattern analysis and
machine intelligence, vol. 24, no. 7, July 2002.

The intensity value (0-255) of a pixel may be compared to
the intensity values of the eight neighboring pixels of said
pixel. If a neighboring pixel has an intensity value greater
than the intensity value of the chosen pixel, a “1” is recorded.
Conversely, if the neighboring pixel has a smaller value a “0”
is recorded. A binary pattern for the chosen pixel may then
created by selecting one of the neighbors as the most signifi-
cant bit of an 8-bit number and setting the other bits by
traversing the neighbors clockwise. The largest possible 8-bit
number may be chosen as the binary pattern for the chosen
pixel. The 8-bit number may be recorded in a 256-bin histo-
gram. As an example, in case the “11111111”-bin (i.e. the
“256”-bin) has a large magnitude this may indicate that the
image has large homogeneous areas and thus may be consid-
ered a smooth image. The “256”-bin records pixels which
only have neighbors with an intensity value greater than or
equal to the intensity value of the pixel. This may be repeated
for all or a subset of the pixels of the image.

To reduce the memory and processing requirements of the
feature identification, once a feature vector has been formed,
the length of the feature vector may be reduced. This may be
achieved e.g. by Principal Component Analysis (PCA) or the
discrete Karhunen-Loeve transform. The PCA results in a set
of orthogonal eigenvectors. Eigenvectors having smaller
eigenvalues may be discarded and the original feature vector
may be projected to the larger remaining eigenvectors
wherein a feature vector of reduced dimensionality may be
obtained.

The determined feature vector(s) of the image to be clas-
sified may be input to a classifier for determining or predict-
ing the type of view depicted in the image. The classification
may include comparing the image to be classified with aset of
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reference images or an average feature vector determined
from a plurality of reference images. The set of reference
images may include a plurality of classified images of differ-
ent types (e.g. portraits, group portraits, landscapes, urban
environments etc). The distance between the feature vector of
the image to be classified (hereinafter the “test image™) and
corresponding feature vectors determined for at least some of
the images of the set of reference images may be calculated.
The class of the test image may then be determined as the
class of the reference images being “closest” to the test image,
e.g. using the 2-norm, i.e. the Euclidian distance. Alterna-
tively, histogram feature vectors may be compared by calcu-
lating the diffusion distance. The diffusion distance concept is
described in detail in Diffusion distance for histogram com-
parison by Kazunori Okada and Haibin Ling, IEEE Computer
Society Conference on Computer Vision and Pattern Recog-
nition, Issue Date: 17-22 Jun. 2006, pages 246-253.

Another method which may be used to identify features,
and especially human or portrait features, is disclosed in
US2009190803A. According to US2009190803 A an analy-
sis of adigital image determines whether or not a smile and/or
blink is present on a face of a human being. Thus, the feature
recognition may relate to recognition of a human person and
optionally also to the recognition of a human face and features
thereof such as a human mouth, a human eye and/or recog-
nition of facial expressions.

Once a set of images has been captured, they may be used
in various ways. According to one embodiment the images
captured in box 212 may be stored in a data structure repre-
senting an image sequence (box 214). In case also images
captured prior to the detection of the image capturing com-
mand are to be stored, these may also be included in the image
sequence. As one example the data structure may be a com-
posite image including (possibly scaled versions) of the cap-
tured images arranged in rows and columns. The composite
image may thereby resemble a contact sheet. As another
example the data structure may be a video file wherein the
captured images are used to form a video stream. For example
the video file may be a slide show including the captured
images.

According to one embodiment the processor 104 may ana-
lyze the captured images using a set of criteria in order to
automatically determine or single out one or more of the
images captured in box 212 (box 216). The set of criteria may
include one or more criteria relating to image quality such as
image sharpness, image contrast, dynamic range and noise
level etc using appropriate image analysis techniques known
in the art. Alternatively or additionally the set of criteria may
include a facial quality, such as no closed eyes, the presence
of'a smile, image sharpness in a region containing a face, etc.
Such criteria may be evaluated using the techniques described
below. The camera 100 may indicate to the user the image or
images which have been selected e.g. by presenting them on
a display of the camera 100. The processor 104 may also be
configured to discard all of the captured images except for the
selected image(s) (box 218).

According to one embodiment the processor 104 may ana-
lyze the captured images using a set of criteria in order to
automatically determine or single out two or more of the
images captured in box 212 (box 220). The selected images
may then be used to form a composite image (box 222).

The images may be selected and combined in order to form
a composite image presenting a high dynamic range, i.e. an
HDR image. The set of criteria may include one criteria being
that a first image has been captured using a lower exposure
value setting and one criteria being that a second image has
been captured using a higher exposure value setting. As
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another example, the first image may have been captured
using a flash level being higher than the flash level used when
capturing the second image. Thus a composite image present-
ing an increased dynamic range may be formed. The proces-
sor 104 may be configured to perform this operation auto-
matically after the images have been captured. Alternatively,
the function may be available through a menu option in the
camera 100 wherein the user may create an HDR image on
demand.

The images may also be selected in order to form a com-
posite image including parts of the selected images. More
specifically, a source image and a target image may be deter-
mined or selected from the captured images. A source area
may be identified in the source image, the source area having
a set of coordinates. A target area in the target image may then
be identified using the set of coordinates for the source area.
A composite image including image data information of the
first image may then be formed, wherein image data informa-
tion of the target area of the target image is seamlessly
replaced with image data information of the source area.
Alternatively, image data information of the source area of the
source image may be seamlessly replaced with image data
information of the target area. The above-mentioned acts, as
well as the following acts, may be implemented, i.e. per-
formed, by the processor 104.

Various combinations of source and target images may be
selected. Moreover the source and target areas may include
various different contents. As one example, an area of the
source image may be “in focus” whilst a corresponding area
in the target image is “out of focus”, or vice versa. Thereby an
“out of focus” area may be seamlessly replaced with an “in
focus” area. As another example, the level of blur in an area of
the source image may be lower than the level of blur for a
corresponding area in the target image, or vice versa. Thereby
a blurry area may be seamlessly replaced with a less blurry
area. As another example, the source image may have been
captured using a flash level being higher than the flash level
used when capturing the target image, or vice versa. A high
flash level may be desired for some areas in the scene to be
captured but may at the same time result in other areas in the
images being overexposed. Overexposed areas may thus be
seamlessly replaced with corresponding areas from another
image captured using a lower flash level or no flash at all. As
another example, an area of an image depicting human beings
with closed eyes may be replaced with a corresponding area
from another (similar) image wherein the eyes of the (same)
human being is open, inter alia by allowing a user to replace
parts of an image with the same area from other images.

The source image may be manually selected by the user,
e.g. via the MMI 110. Alternatively, the processor 104 may
select the source image from the captured images using a set
of criteria. The set of criteria may relate to the presence of a
certain feature (e.g. object or element) in the image, as the
image having the smallest blur, the highest dynamic range
and/or the largest contrast, etc.

The source area may have a set of coordinates. The set of
coordinates may define the location of the source area in the
source image. For example, the set of coordinates may com-
prise coordinates defining the location of corners and/or sides
of'a rectangle in the source image, the set of coordinates may
comprise coordinates defining the area and location of a circle
in the source image, and the like.

The source area may be identified based on a received
signal identifying the source area. The received signal may be
generated from user input received via the MMI 110 of the
camera 100. Thereby a user may be allowed to manually
identify and select an area or an object (see below) in the
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source image via the MMI 110. The source image may be
displayed on a display of the MMI 110. In case the MMI 110
comprises a touch sensitive display the user may identify the
source area by drawing a line enclosing the source area, or
otherwise mark its coordinates. The MMI 110 may also pro-
vide a tool facilitating the identification of the source area.
The tool may comprise predetermined geometrical objects
(such as rectangles, squares, circles, and ellipses) which, via
user input, could be used to identify the source area.

The source area may also be identified using feature rec-
ognition. The source are may be identified as the area of the
source image including the above-mentioned feature (e.g.
object or element). The use of such feature recognition may
eliminate, or at least reduce, the need to receive user input in
order to identify the source area. Hence the method may
comprise receiving feature information relating to a feature of
at least one of said source image and said target image,
wherein at least one of said source area and said target area
comprises said feature; and identifying said source area based
on said feature. For example, and as described above, a fea-
ture recognition may relate to recognition of a human person.
The feature recognition may relate to recognition of a human
face. The feature recognition may relate to recognition of a
human mouth. The feature recognition may relate to recog-
nition of a human eye. The feature recognition may relate to
recognition of facial expressions of a human being. Either the
source image or the target image, or both the source image
and the target image may comprise the feature. The source
area may then be identified by using the feature.

The target image may be manually selected by the user, e.g.
via the MMI 110. Alternatively, the processor 104 may select
the target image from the captured images using a set of
criteria. The set of criteria may relate to the presence of a
certain feature (e.g. object or element) in the image, as the
image having the smallest blur, the highest dynamic range
and/or the largest contrast, etc. Especially, the feature may be
a feature present also in the (source area) of the source image.

Inresponse to identifying the source area, the target area in
the target image may be identified. The geometrics of the
target area may be based on the geometrics of the source area.
In particular, the set of coordinates for the source area may be
used such that a set of coordinates for the target area in the
target image corresponds to the set of coordinates for the
source area. The set of coordinates for the target area defines
the location of the target area in the target image. The set of
coordinates for the target area may further define the area (in
spatial terms) of the target area in the target image.

The target area in the target image may be identified by
determining an error function between the source area and the
target area. The error function may be determined over a set of
sample points in an area S along a preliminary cut dQ
between the source area and the target area for zero transla-
tion. The preliminary cut may then be translated outwards
from the zero translation until the error function is minimized.
The error function may thereby be used to determine the
target area in the target image. The translation outwards may
be performed along a spiral formed trajectory.

To be able to find a suitable cut (see below) it may benefi-
cial to align the source image and the target image along a
preliminary cut boundary. This may be accomplished by
minimizing an error function, for example by minimizing
E@)=2, ., 4o [L; (v+1r)-1, (v)]? along the preliminary cut d©
over a suitably large section S. I, and I,, denote the source
image and target image intensities, respectively. For a color
image the intensities may be calculated as I=(R+G+B)/3,
where R, G and B are the red, green and blue color channels
respectively, alternatively one may use a luminance channel
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of'aYUV image. The size of the area S may be dependent on
the amount of movements between the source image and the
target image. It may further be dependent on the time passed
between the capturing of the source image and the target
image.

There may be different approaches how to minimize the
error function, for example by using convolution and fast
Fourier transforms. A convolution based method may be fast
for calculating the entire error function. It has been discov-
ered that since each term in the sum in the error function is
positive it would follow that, while searching for the global
minima, a point whose partial sum exceeds that of the current
minima could not be a global minima. It would also follow
that if the global minimum is encountered early, more sums
could be ended prematurely, thus saving computations. It
could therefore be a beneficial to calculate the error function
over a few points in a small area around zero translation and
then extend the search area outwards. This may be motivated
by the assumption that a translation movement occurring
between the capture of the source and target image generally
may be considered as normally distributed.

A suitable boundary inside which the source image is to be
inserted may be determined. The determined boundary rep-
resents a cut. The cut may thus define the intersection between
the target image and the source image. For illustrative pur-
poses the source image may be regarded as placed on top of
the target image wherein the source image (or target image)
has been translated as previously described. Inner and outer
boundaries defining a section (corresponding to the above
disclosed area S) within which the (desired) boundary is
constrained may be specified. FIG. 4a illustrates a boundary
region 400 having an inner boundary 402 and an outer bound-
ary 404 and a desired boundary 406. An error function, which
considers the squared pixel wise difference between the
source image and the target image at pixels within the section,
is defined. FIG. 454 is a corridor graph representation 400' of
the boundary region 400 of FIG. 45, wherein the boundary
region 400 has been opened along the intersection A-A'-B-B'.
The cut may be found by assigning each pixel in the area S
with a cost and then finding a closed path in the area S which
minimizes the cost. An optimal solution is provided in the
paper “Shortest circular paths on planar graphs” in 27th Sym-
posium on Information Theory in the Benelux, vol. p. 117-
124, June 2006, Noordwijk, Netherlands by Farin et al. When
representing the pixels with a graph, such as the corridor
graph 400", the graph has a trellis structure. The graph asso-
ciated with the area S may thus be represented as a trellis and
hence dynamic programming may be used instead of Dijk-
stra’s algorithm. Thus a tail-biting path (i.e. a path in the
corridor graph 400' beginning and ending in pixels yielding
an enclosed boundary 406 in the corresponding boundary
region 400) with a minimum error of all paths or a path with
an error below a predetermined threshold may then be found
within the section S. The thus found cut defines the cropping
of the source image and the target image.

The composite image may be formed (box 222) based on
image data information of the target image wherein image
data information of the target area is seamlessly replaced with
image data information of the source area. Correspondingly
the digital image may be based on the source image wherein
image data information of the source area is secamlessly
replaced with image data information of the target area.

Feature recognition may be used to determine whether or
not one of the source area and the target area fulfills a condi-
tionrelating to the feature information. The digital image may
then be formed based on this determining. For example,
wherein, in a case the source area fulfills the condition, the
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image data information of the target area may be seamlessly
replaced with the image data information of the source area.
For example, wherein, in a case the target area fulfills the
condition, the image data information of the source area may
be seamlessly replaced with the image data information of the
target area.

Particularly, in case feature information relates to a facial
expression, and one of the source image and the target is
classified as comprising a smiling face the image may be
formed to include the smiling face. In order to achieve this
facial detection may be used. When a face has been detected
smile detection may be used by detecting the lips of the thus
recognized face and classifying the detected lips, inter alia
depending on their curvature, into at least two categories,
such as smiling lips or non-smiling lips. A similar classifica-
tion may be performed to detect blinking eyes or red eyes
(inter alia caused by flash eftects during capture of the image
comprising the red eyes). The method may thus, further com-
prising identifying a facial expression to be used when form-
ing the digital image. Thereby “sad” faces may be replaced
with “happy” faces, wherein the “sad” faces are associated
with non-smiling lips and “happy” faces are associated with
smiling lips.

The composite image may be formed by blending the
source image and the target image. A gradient-domain-like
blending may be applied to ensure that the insertion of the
source area into the target image (or vice versa) is seamless. In
more detail, when (an area from) a source image is to be
blended into a target image (or vice versa), the boundary of
the source image should at least approximately equal the
boundary of the target image. This may require the source
image and/or target image to be manipulated in some way.
Advantageously the manipulation should only impose
gradual changes on the interior of the source image in order to
be as visually undetectable as possible. One example which
accomplishes the desired effect is Poisson blending. More
specifically the gradient field of the source image may be
modified in such a way as to find the source image which has
a gradient field that is closest (in [.2-norm sense) to the target
image.

An embodiment of a method 300 in accordance with a
second aspect will now be described with reference to FIGS.
1 and 3. According to the method 200, a set of configurations
is determined prior to detecting the image capturing com-
mand or in response thereto. The method 300 is similar to the
method 200 however differs in that configurations of the
camera 100 are determined successively, during image cap-
turing, i.e. the image capturing act.

More specifically, the method 300 comprises analyzing a
view depicted by the camera 100 (box 306). The analyzing
may comprise identifying at least one feature of the view. This
corresponds to box 206 of the method 200 wherefore refer-
ence is made to the above discussion. Based on the analysis,
the processor 104 determines a first configuration of the cam-
era 100 (308). The first configuration may be a configuration
of'the camera 100 which is suitable for capturing a firstimage.
The first configuration may correspond to the base configu-
ration discussed in connection with the method 200.

Once the user has directed the camera 100 towards the
desired view the user issues an image capturing command.
The image capturing command is detected by the camera 100
(box 310). As discussed above, the user may e.g. press the
actuator 112 of the camera 100 once, reduce the movement of
the camera 100, or the user may speak an audible capturing
command into the microphone which command may be inter-
preted and recognized by the processor 104 as an image
capturing command.
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In response to the detection of the image capturing com-
mand the processor 104 controls the image capturing device
102 of the camera 100 to capture an image using the first
configuration determined by the processor 104 (box 312).
The first image may be transferred to the memory 106 imme-
diately after it has been captured. Alternatively, the firstimage
may be kept in the storage buffer of the image capturing
device 102 and transferred to the memory 106 after all images
have been captured, i.e. at the end of the method 300.

In response to capturing the first image, the processor 104
may analyze the first image (box 314). The analysis may
include identifying at least one feature of the first image. The
analysis may be performed in analogously to the above
description. Correspondingly, the at least one identified fea-
ture may be any of the above-discussed features. The first
image may be provided to the processor 104 from the storage
buffer of the image capturing device or, if the first image has
been transferred thereto, from the memory 106.

Based on the analysis of the first image the processor may
determine a second configuration of the camera 100 (box
316). The second configuration may include a setting of a
parameter which is different from a setting of the same
parameter of the first configuration. The second configuration
may further include a setting of a further parameter which is
different from a setting of the same parameter of the first
configuration. The parameter(s) for which the setting is
changed may be determined during the act of analyzing the
view (box 306). Thus, the processor 104 determines, based on
the analysis of the view, a first configuration and one or more
parameters for which the settings are to be varied. For
example, if the identified feature includes a portrait, the pro-
cessor 104 may determine the first configuration and further
determine that the settings of the parameter(s) flash, flash
strength, white balance and/or color rendering are to be var-
ied. The processor 104 may then analyze the first image to
determine the actual setting(s) of these parameters and thus
determine the second configuration. Alternatively, the param-
eter(s) for which the setting is changed as well as the actual
setting(s) may be determined during the act of analyzing the
view.

The method 300 proceeds in box 318 with the processor
104 controlling the image capturing device 102 of the camera
100 to capture a second image using the second configuration
determined by the processor 104. The second image may be
captured in response to the processor 104 determining the
second configuration. The second image may be transferred
to the memory 106 immediately after it has been captured.
Alternatively, the second image may be kept in the storage
buffer of the image capturing device 102 and transferred to
the memory 106 after all images have been captured, i.e. at the
end of the method 300.

Optionally, more than one configuration may be deter-
mined in box 316. For example, the processor 104 may deter-
mine at least two configurations in box 316, wherein the
camera 100 may capture at least two images using at least two
different configurations of the at least two configurations
determined in box 316 and thus proceed in accordance with
the method 200 of the first embodiment.

Returning to FIG. 3, in box 320 it is determined whether
further images are to be captured. The determination may be
based on whether a desired number of images have been
captured. The processor 104 may for example count the num-
ber of captured images and compare the number with a
threshold number. If the number of captured images falls
below the threshold number it may be determined that further
images are to be captured wherein the method 300 may pro-
ceed to box 322. If the number of captured images equals or
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exceeds the threshold number it may be determined that no
further images are to be captured.

Alternatively the determination may be based on whether
there has been a change in the view since the capture of the
first image or second image. The change may be the result of
the user having changed the direction since the capture of the
first (or second) image. It may also be the result of the objects
in the view changing position. The change may be determined
by comparing the first (or second) captured image to the more
recently captured image. The comparison may be based on a
pixel-by-pixel or sub block-by-sub block basis. The compari-
son may be performed by correlating the first (or second)
captured image with the more recently captured image. If the
change exceeds a threshold, it may be determined that no
further images are to be captured. Otherwise, it may be deter-
mined that further images are to be captured wherein the
method 300 may proceed to box 322.

The captured images may be stored in a circular buffer. The
circular buffer may have a predetermined size. As an
example, the circular buftfer may have a storage capacity of 10
images, 20 images, 30 images or more. Once the buffer has
been filled the images are sequentially replaced by more
recently captured images, starting from the oldest image
stored in the buffer.

In response to determining that a further image is to be
captured, the processor 104 may analyze the second captured
image (box 322). Based on the analysis the analysis the pro-
cessor 104 may determine a third configuration of the camera
100 (box 324). The third configuration may include a setting
of'a parameter which is different from a setting of the same
parameter of the first configuration and the second configu-
ration.

The method 300 proceeds in box 326 with the processor
104 controlling the image capturing device 102 of the camera
100 to capture a third image using the third configuration
determined by the processor 104. The third image may be
captured in response to the processor 104 determining the
third configuration.

The method 300 proceeds in box 328 with determining
whether further images are to be captured. If it is determined
that further images are to be captured the method 300 returns
to step 322 wherein the third captured image may be ana-
lyzed. A fourth configuration may be determined as described
above wherein a fourth image may be captured using the
fourth configuration. This process may repeat until it is deter-
mined that no further images are to be captured. The details
and the options described in connection with box 314-320
apply analogously to box 322-328.

If no further images are to be captured the method 300 may
proceed according to boxes 330-338 which correspond to
boxes 214-222 of method 200 wherein reference is made to
the above-discussion.

Optionally, the method 300 may further comprise storing
one or more of the images recorded by the image capturing
device 102 prior to detecting the image capture command
(box 302). These images may also be provided to the view-
finder of the camera 100 (box 304). The description provided
above in connection with boxes 202-204 applies analogously
to boxes 302-304 wherein reference is made to the above
discussion.

Inthe above image capturing methods have been described
wherein subsets of configurations are determined based on
analysis of the view depicted by the camera. However, the
determination need not be limited to an analysis of the
depicted view but may more generally be based on analysis of
a capturing condition. According to this more general
approach there is provided a method of capturing images
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using a camera comprising: analyzing a capturing condition;
determining, based on the analysis, a subset of configurations
of'the digital camera; and capturing, in response to a detection
of'an image capturing command at the camera, a set of at least
two images using at least two different configurations of the
subset of configurations.

The capturing condition may include a time of day. The
camera 100 may include a clock. The clock may be connected
to the processor 104. The processor 104 may determine the
time of day. The processor 104 may determine a subset of
configurations based on the time of day.

The capturing condition may include a geographical posi-
tion of the camera 100. The camera 100 may include a posi-
tional unit such as a GPS. The positional unit may be con-
nected to the processor 104. The processor 104 may receive
the geographical position of the camera 100 from the posi-
tional unit. The processor 104 may determine a subset of
configurations based on the position.

The capturing condition may include an orientation of the
camera 100. The camera 100 may be in a portrait or a land-
scape orientation. The camera 100 may include an orientation
determination unit such as a gyroscope. The orientation deter-
mination unit may be connected to the processor 104. The
processor 104 may receive orientation data from the orienta-
tion determination unit. The processor 104 may determine a
subset of configurations based on the orientation.

The capturing condition may include a sound condition.
The camera 100 may include a MIC 114. The processor 104
may analyze the sound recorded by the MIC 114 and deter-
mine a sound condition. The sound condition may include the
presence of a certain sound such as the sound of laughter, the
sound of running water, the sound of breaking waves, the
sound of an engine, the sound of the wind etc. Based on the
sound condition a subset of configurations may be deter-
mined. The processor 104 may analyze the sound by deter-
mining a spectrum of the sound (e.g. using DCT or FFT). The
processor 104 may compare the determined spectrum to one
or more reference spectrums being associated with a certain
sound condition. A sound condition may be determined if the
determined spectrum corresponds to or matches a reference
spectrum. The processor 104 may determine a subset of con-
figurations based on the sound condition.

The capturing condition may include a movement condi-
tion of the camera 100. The camera 100 may include a move-
ment sensor such as an accelerometer. The movement sensor
may be connected to the processor 104. The processor 104
may receive movement data from the movement sensor.
Alternatively, the processor 104 may determine a movement
condition by repeatedly comparing at least the two latest
images recorded in the storage buffer of the image capturing
device 102. The movement condition may include that the
camera 100 is not moving, that a movement of the camera 100
is started, that a movement of the camera 100 is decreasing or
is ended, that the camera 100 is moved in a certain direction,
that a rate of the movement falls below a threshold or exceeds
athreshold, etc. The processor 104 may determine a subset of
configurations based on the movement condition.

The capturing condition may include a type of image cap-
turing command being input. For example, the subset of
configurations may be determined based on whether the
image capturing command is received via the actuator 112 of
the camera 100, via a reduced movement of the camera 100,
or via the MIC 114 of the camera. The camera 100 may
include additional actuators 112 wherein the subset of con-
figurations may be determined based on which actuator 112 is
used. The analysis of the capturing condition may include
analyzing the view depicted by the camera 100. As previously
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described, the analysis of the view may include identifying a
feature of the view and based on the identified feature deter-
mine a subset of configurations.

Consequently, different subsets of configurations may be
determined for different capturing conditions. This is advan-
tageous since different capturing conditions may benefit from
completely different settings of the various parameters of the
camera 100.

In the above the invention has mainly been described with
reference to a limited number of examples. However, as is
readily appreciated by a person skilled in the art, other
examples than the ones disclosed above are equally possible
within the scope of the invention, as defined by the appended
claims.

The invention claimed is:

1. A method of capturing images using a camera compris-
ing:

at a processor analyzing a view depicted by the camera;

at said processor determining based on said analysis, a first
configuration of the camera;

capturing, in response to a detection of an image capturing
command at the camera, at least two images using at
least two different configurations of the camera;

wherein a first image is captured using the first configura-
tion of the camera; and wherein a second image is cap-
tured automatically using a second configuration in
response to analysis of the first image, wherein the sec-
ond configuration is determined based on analysis of the
first image captured by the camera;

at the camera selecting a source image from the at least two
images:

at the camera identifying a source area within the source
image;

at the camera, identifying a target image selected from the
at least two images, wherein the target image is an image
selected by the processor based on a set of criteria in
response to the source area of the source image being
identified;

at the camera identifying a target area from the target
image, wherein the target area is identified based on a
location of the source area within the source image; and

at said processor replacing the source area with the target
area from the target image to form a composite image.

2. A method of capturing images using a camera according
to claim 1 wherein the analysing of a view includes identify-
ing at least one feature of the view.

3. A method of capturing images using a camera according
to claim 1 further comprising capturing, prior to detecting the
image capturing command, at least one image of said view.

4. A method of capturing images according to claim 1
wherein the identifying of a source area is done using a user
interface.

5. A method according to claim 1 wherein a configuration
comprises a camera related parameter and the camera related
parameter includes at least one of: aperture, exposure time,
exposure value, ISO, flash usage, flash strength, flash syn-
chronization speed, colour settings, white balance, or focus
point.

6. A camera comprising;

a processor configured for analysing a view depicted by a
camera and based on said analysing determining a sub-
set of configurations of said camera;

an image sensor configured to capture a plurality of images
in response to an image capture command, at least two
images using at least two different configurations of'said
camera;
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wherein a first image is captured using the first configura-
tion of the camera; and wherein a second image is auto-
matically captured using a second configuration in
response to analysis of the first image, wherein the sec-
ond configuration is determined based on analysis of the
first image captured by the camera;

a memory configured to store a plurality of images;

a display configured to present a source image from the

plurality of images;

said processor configured for selecting a source area within

the source image;

said processor configured for selecting a target image from

the plurality of images based on a set of criteria in
response to the source area of the source image being
selected, and replacing the source area with a target area
from the target image to form a composite image,
wherein the target area is identified based on a location
of the source area within the source image.

7. A camera according to claim 6 configured to capture at
least one image of said view prior to detecting the image
capturing command.

8. A camera according to claim 7 wherein the processor is
configured to determine further configurations based on the at
least one image.

9. A camera according to claim 8 wherein the further con-
figuration comprise a camera related parameter which con-
tains at least one of’ aperture, exposure time, exposure value,
ISO, flash usage, flash strength, flash synchronization speed,
colour settings, white balance, or focus point.

10. A camera according to claim 6 wherein the processor is
configured to identify the target area based on a coordinate
location of the source area or a common feature in the source
image and target image.

11. A camera according to claim 10 wherein the set of
criteria include one or more criteria relating to image quality,
such as; image sharpness, image contrast, dynamic range, or
noise level.

12. A camera according to claim 10 wherein the set of
criteria is a facial quality comprising at least one of’ no closed
eyes, the presence of a smile, and image sharpness in a region
containing a face.

13. A camera according to claim 6 wherein a configuration
is determined prior to capturing a plurality of images.

14. A camera according to claim 6 wherein a configuration
comprises a camera related parameter which contains at least
one of: aperture, exposure time, exposure value, ISO, flash
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usage, flash strength, flash synchronization speed, colour set-
tings, white balance, or focus point.

15. A camera according to claim 6 wherein the processor is
configured to identify at least one feature of said view during

5 said act of analysing, said one feature including at least one of
a light condition in the view, a color content of the view, or a
type of the view depicted, such as a portrait, a group-portrait,
a landscape, an urban environment or a moving object.

16. A camera according to claim 6 wherein the display is

10 configured to show viewfinder images of the view, said view-
finder images being of lower than maximum quality and/or
resolution supported by the image capturing device.

17. A camera according to claims 6 wherein the plurality of
images are stored in the memory as an image sequence.

15 18. A camera comprising;

a processor configured for analysing a capturing condition

of the camera and based on said analysing determining a
subset of configurations of said camera;

an image sensor configured to capture a plurality of images

20 in response to an image capture command, at least two

images using at least two different configurations of'said
camera;

wherein a first image is automatically captured using the

first configuration of the camera; and wherein a second

25 image is captured using a second configuration in
response to analysis of the first image, wherein the sec-
ond configuration is determined based on analysis of the
first image captured by the camera;

a memory configured to store a plurality of images;

30  a display configured to present a source image from the
plurality of images;

said processor configured for selecting a source area within

the source image;

said processor configured for selecting a target image from

35 the plurality of images based on a set of criteria in
response to the source area of the source image being
selected; and

replacing the source area with a target area from the target

image to form a composite image, wherein the target
40 area is identified based on a location of the source area
within the source image.

19. A camera according to claim 18 wherein the capturing
condition is any one of: a time of day, a geographical location
of the camera, an orientation of the camera, a sound received

45 by the camera, or a movement condition of the camera.
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